Orthogonal frequency division multiplexing (OFDM) is a well-known transmission technique that is adopted in a wide range of standards these days mainly because of its high data bit rate and spectral efficiency. However, OFDM has one major problem called the peak-to-average power ratio (PAPR). This paper will introduce a new method that uses the discrete cosine transform to enhance the PAPR reduction over that achieved in the partial transmit sequence (PTS) approach. The maximum achieved improvement of PAPR reduction compared to the conventional PTS approach is 257% with only 4 iterations and the maximum PAPR reduction achieved in the simulation is 5.7 dB.
INTRODUCTION

Orthogonal
frequency-division multiplexing (OFDM) is a digital encoding method which uses multiple narrowband subcarriers instead of a single wide-band carrier. This means that more data can be transmitted. The orthogonality feature of OFDM allows adjacent channels to overlap which results in maximizing the data bit rate and spectral efficiency. In addition, OFDM is able to combat multipath fading and inter-symbol interference issues using a simple equalizer. As a result, OFDM is adopted in lots of wired and wireless communication standards such as DVB, DSL, 802.11g, 802.11a, and LTE.
At first sight, OFDM appears as the best technique for transmission. However, it suffers from one major problem called the high peak-to-average power ratio (PAPR). OFDM creates an output signal with very high peaks. The high peaks in the OFDM signal mostly cannot be amplified linearly using a normal power amplifier. Hence a complex power amplifier design with backoffs is needed to maintain linearity in order to keep the OFDM signal undistorted.
There are many techniques proposed for reducing PAPR. Some degrade communication performance such as clipping and some use distortionless methods to reduce PAPR. Distortionless methods such as partial transmit sequence (PTS) [1] [2] [3] , selected mapping (SLM) 1 , interleaving 4 , tone injection 5, 6 , tone reservation [6] [7] [8] [9] , and the spread technique 10 are the feasible options for reliable communication.
In this paper, a new pre-coding technique is proposed along with PTS to enhance the performance of the PTS technique. The discrete cosine transform (DCT) is known for its energy compaction and it has been used in many applications such as compressing images in the JPEG standard 11 . It is not the first time that DCT has been used to reduce PAPR [12] [13] [14] [15] . Here the inverse DCT (IDCT) is used as a precoder for PAPR reduction where each value of the partial input data sequence is spread over all subcarriers using the IDCT. In other words, each partial data sequence has its time-domain signal values of DCT spread over all subcarriers using the IDCT.
PEAK-TO-AVERAGE POWER RATIO (PAPR)
T is the complex sequence which represents the OFDM input data in the frequency domain, then the OFDM signal in the time domain x(t) can be represented using the inverse discrete Fourier transform (IDFT):
where N is the total number of subcarriers, X k is the input data symbol of the subcarrier k, ∆ f is the frequency difference between adjacent subcarriers, and T s = 1/∆ f is the symbol duration. In implementation, the inverse fast Fourier transform (IFFT) algorithm is mostly used in place of the IDFT. The PAPR of the OFDM signal is defined as the ratio of OFDM signal power peak value to its average power value 16 and is found from
where E denotes expectation operator and L is the oversampling value. PAPR for any proposed system can be evaluated using the complementary cumulative distribution function (CCDF) which is given by
where Pr denotes probability.
PARTIAL TRANSMIT SEQUENCE (PTS)
In this method, the complex input sequence In PTS, the number of admitted angles W is reduced to reduce the capacity loss. Hence it is recommended that W is not more than 4. Also, to simplify the implementation, it is recommended to have b m ∈ {±1} or b m ∈ {±1, ± j}. The value of b m should be chosen carefully so that the summation result of all rotated partial outputs has an acceptably low PAPR. The transmitter should 
PROPOSED METHOD
In this method, we propose using the IDCT as precoder for the PTS subblocks to spread each value of the partition data sequence over all subcarriers before applying the IFFT function. The proposed technique is illustrated in the block diagram shown in Fig. 2 . The only difference between this approach and the PTS approach is the addition of the IDCT precoder blocks. The coded sequence S (m) is given by
where C −1 is the N × N matrix of the IDCT:
where i, j = 0, 1, . . . , N − 1 and represent the rows and columns indices, respectively.
RESULTS AND DISCUSSION
The proposed method was tested for N = 64, 128 and 256 and 4-QAM for symbol mapping. The phase factor range used in simulation test was {±1, ± j} for M = 2 and 4 and {±1} for M = 4 and 8. In other words, (2,4), (4, 2) , (4, 4) and (8, 2) are the four combinations of (M , W ) that were tested in the simulation. The CCDF was calculated for 10 4 frames www.scienceasia.org of data and the PAPR is calculated for the OFDM output signal generated using L = 1. Before going ahead with the comparison between the PTS and the proposed methods, a test has been made to decide which type of partitioning is better for the proposed approach. It is already known from Ref. 17 that the adjacent partitioning is better than interleaved partitioning for the PTS method. However, the results in Fig. 3 show that the proposed technique herein has a better PAPR reduction performance with interleaved partitioning than with adjacent partitioning. Hence the comparison has been conducted between the PTS and proposed methods with adjacent and interleaved partitioning, respectively.
It can be seen clearly from the CCDF plot in Fig. 4 that the proposed method has better PAPR reduction results than with the PTS method. Also, as seen in Table 1 , the proposed method was able to reduce the OFDM PAPR 2.6 times more than the PTS PAPR reduction result for N = 64, 4-QAM, M = 2 and W = 4 with W M −1 = 4 iterations only. It is clear from the results that the performance of the proposed technique is proportional to the number of partitions and admitted angles. However, the impact of one parameter could be greater than another such as for (8, 2) and (4, 4) where the impact of increasing the number of admitted angles is greater than the impact of decreasing the number of partitions. 
CONCLUSIONS
An IDCT-based precoder with PTS technique was proposed in this paper. The proposed method was tested with various numbers of subcarriers, various numbers of partitions and two group of admitted angles. The proposed method showed an improvement in terms of PAPR reduction over all configured parameters of N , M , and W . The simulation results were consistent and directly proportional to the number of partitions and admitted angles. We conclude that the proposed technique surpassed the PTS method and the use of the IDCT algorithm improved the performance of the PTS concept in terms of PAPR reduction.
